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MOTON ANALYSIS APPARATUS AND
MOTON ANALYSIS METHOD
BACKGROUND

0001 1. Technical Field
0002 The present invention relates to a motion analysis
apparatus using an inertial sensor and a motion analysis
method.

0003 2. Related Art
0004 An apparatus that measures a motion of an object
and analyzes the motion is necessary in various fields. For
example, in the sport field, motions of a golf club, a tennis
racket or the like are measured to analyze a Swing track, and
motions of arms and legs in running are measured to analyze
a running form in some cases. Thus, what needs to be
improved becomes clear by reviewing the analysis result and
this results in the improvement of athletic performance.
0005. These days, an optical motion capturing apparatus
has been proposed as a practical motion analysis apparatus. In
this apparatus, in general, a measurement object to which a
marker is attached is continuously photographed by an infra
red camera or the like, and a movement track of the marker is

calculated using the photographed continuous images to ana
lyze a motion of the measurement object (see JP-A-2010
110382). On the other hand, in recent years, an apparatus has
been proposed in which a small inertial sensor is attached to
a measurement object and a motion of the measurement
object is analyzed from output data of the inertial sensor (see
JP-A-2008-073210). This apparatus has an advantage in that
an infrared camera is not necessary and handling is easy.
0006 When an angular velocity sensor (gyro sensor) is
used as an inertial sensor that is attached to a measurement

object, for example, it is necessary to remove a bias value of
the angular velocity sensor. The bias value collectively refers
to errors including a Zero bias in an initial state where the
angular Velocity is Zero and a random drift due to external
factors such as power fluctuation or temperature change. To
calculate the bias value, it is necessary to detect an angular
Velocity in a state where the measurement object is stopped.
However, for example, in the case of sports field, it may be
unnatural and difficult to have the measurement object in a
temporary stop to obtain the bias value.
SUMMARY

0007 An advantage of some aspects of the invention is to
solve at least a part of the problems described above, and the
invention can be implemented as the following forms or
application examples.
Application Example 1
0008. This application example is directed to a motion
analysis apparatus including: a threshold value determining
section that determines whether the amount of inertia

detected by an inertial sensor in a first period is within a
threshold value range; a bias value setting section that sets, if

0009. According to the motion analysis apparatus
described above, the threshold value determining section
determines whether the amount of inertia in a period of a
predetermined time length (first period) is within the thresh
old value range. Thus, the bias value setting section sets the
bias value on the basis of the first average value of the amount
of inertia during the period in which the amount of inertia is
determined to be within the threshold value range. The analy
sis information calculating section analyzes the motion of the
measurement object on the basis of the correction data from
which the bias value is removed.

0010. Accordingly, the threshold value determining sec
tion may determine that the period in which the amount of
inertia is within the threshold value range is a period in which
the measurement object is stopped or is in a state close to the
stop (hereinafter, referred to as a “stationary state'). Thus, a
motion analyzing section may perform a correction process
of removing the bias value obtained from the measurement
object in the stationary state, and may accurately analyze the
motion of the measurement object. Here, as it is determined
whether the measurement object is in the stationary State
using the first period as a target, a period in which the mea
Surement object is in the stationary state is retrieved on the
basis of the detection result of the inertial sensor. As a result,

for example, in the sport field, the period in which the mea
Surement object is temporarily in the stationary state on a time
axis of a series of motions is retrieved to calculate the bias

value, and thus, it is not necessary to unnaturally stop the
motion to calculate the bias value.

Application Example 2
0011. This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein the threshold value determining
section sets the threshold value with reference to a second

average value that is an average value of the amount of inertia
which is a detection result of the inertial sensor in the entire

period.
0012. According to the motion analysis apparatus
described above, the threshold value is set with reference to

the average value of the amount of inertia which is the detec
tion result of the inertial sensor in the entire period. Accord
ingly, it is possible to determine, with high accuracy, that the
period in which the amount of inertia is within the threshold
value range with reference to the second average value is the
period in which the measurement object is in the stationary
State.

Application Example 3
0013 This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein when there is a plurality of the first
periods in which the amount of inertia is determined to be
within the threshold value range, the bias value setting section
sets the bias value on the basis of the first average value in the
first period in which a difference between the second average

it is determined that the amount of inertia is within the thresh

value and the amount of inertia is the Smallest.

old value range, a bias value included in the amount of inertia
on the basis of a first average value that is an average value of
the amount of inertia detected in the first period; and an
analysis information calculating section that analyzes a
motion of a measurement object using correction data from

0014. According to the motion analysis apparatus
described above, when there is a plurality of the first periods

which the bias value is removed.

in which the amount of inertia is determined to be within the

threshold value range, the bias value is set on the basis of the
average value of the amount of inertial during the period in
which the difference between the second average value and

US 2014/02291.35 A1

the amount of inertia is the Smallest. Accordingly, it is pos
sible to set the bias value using an average value of the amount
of inertia in a period in which the measurement object main
tains the stationary state, to enhance the accuracy of the bias
value.

Application Example 4
0015 This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein the threshold value determining
section determines whether a variance value of the amount of

inertia detected in the first period is within the threshold value
range.

0016. According to the motion analysis apparatus
described above, it is determined whether the variance value

of the amount of inertia is within the threshold value range.
Accordingly, it is possible to determine, with high accuracy,
that the period in which the variance value of the amount of
inertia is within the threshold value range is the period in
which the measurement object is in the stationary state.
Application Example 5
0017. This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein when there is a plurality of the first
periods in which the variance value is determined to be within
the threshold value range, the bias value setting section sets
the bias value on the basis of the first average value in the first
period in which the maximum variance value of the amount of
inertia is the Smallest.

0018. According to the motion analysis apparatus
described above, when there is a plurality of the first periods
in which the variance value is determined to be within the

threshold value range, the bias value is set on the basis of the
average value of the amount of inertia during the period in
which the maximum variance value is the Smallest. Accord

ingly, it is possible to set the bias value using an average value
of the amount of inertia in a period in which the measurement
object maintains the stationary state, to enhance the accuracy
of the bias value.

Application Example 6
0019. This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein at least one of the first period and
the threshold value is specified based on the type of a motion
of the measurement object.
0020. According to the motion analysis apparatus
described above, the first period and the threshold value are
specified based on the motion type. For example, the first
period is short with respect to an exercise large in motion, and
is long with respect to an exercise Small in motion. Further,
the threshold value is reduced with respect to an exercise that
demands high accuracy. According to this configuration, it is
possible to accurately determine the stationary state of the
measurement object.
Application Example 7
0021. This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein at least one of the first period and
the threshold value is specified on the basis of a position to
which the inertial sensor is attached.
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0022. According to the motion analysis apparatus
described above, the first period and the threshold value are
specified based on the position to which the inertial sensor is
attached. For example, the first period is short when the
inertial sensor is attached to a portion large in motion, and is
long when the inertial sensor is attached to a portion Small in
motion. Further, the threshold value is reduced with respect to
a portion that demands high accuracy. According to this con
figuration, it is possible to accurately determine the stationary
state of the measurement object.
Application Example 8
0023 This application example is directed to the motion
analysis apparatus according to the application example
described above, wherein at least one of the first period and
the threshold value is set on the basis of a frequency compo
nent of a detection result of the inertial sensor.

0024. According to the motion analysis apparatus
described above, the first period and the threshold value are
set on the basis of the frequency component of the detection
result of the inertial sensor. Accordingly, it is possible to set
the first period and the threshold value on the basis of the
frequency component of the detection result of the inertial
sensor without specifying the first period and the threshold
value in advance. Further, it is possible to automatically cope
with an individual difference between the measurement

objects, deviation of the attachment position or the like, and to
accurately determine the stationary state of the measurement
object.
Application Example 9
0025. This application example is directed to a motion
analysis method including: determining whether the amount
of inertia detected by an inertial sensor in a first period is
within a threshold value range; setting a bias value, if it is
determined that the amount of inertia detected in the first

period is within the threshold value range, included in the
amount of inertia on the basis of a first average value that is an
average value of the amount of inertia detected in the first
period; and analyzing a motion of a measurement object
using correction data from which the bias value is removed.
0026. According to the motion analysis method described
above, it is determined whether the amount of inertia in the

first period is within the threshold value range on the time axis
of the detection result of the inertial sensor. Thus, the bias

value is set on the basis of the first average value of the amount
of inertia in the first period in which the amount of inertia is
determined to be within the threshold value range. Thus, the
motion of the measurement object is analyzed on the basis of
the correction data from which the bias value is removed.

0027. Accordingly, it is possible to determine that the
period in which the amount of inertia is within the threshold
value range is a period in which the measurement object is in
the stationary state. Thus, it is possible to perform a correction
process of removing the bias value obtained from the mea
Surement object in the stationary state, and to accurately
analyze the motion of the measurement object. Here, as it is
determined whether the measurement object is in the station
ary state using the first period as a target, a period in which the
measurement object is in the stationary state is retrieved on
the basis of the detection result of the inertial sensor. As a

result, for example, in the case of sports field, the period in
which the measurement object is temporarily in the stationary
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state on the time axis of a series of motions is retrieved to

calculate the bias value, and thus, it is not necessary to
unnaturally stop the motion to calculate the bias value.
BRIEF DESCRIPTION OF THE DRAWINGS

0028. The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

0029 FIG. 1 is a block diagram illustrating a configuration
of a motion analysis system.
0030 FIG. 2 is a flowchart illustrating an operation of a
motion analysis apparatus.
0031 FIG. 3 is a diagram illustrating an example of a
sensor unit attached to a golf club.
0032 FIG. 4 is a flowchart illustrating details of an opera
tion for setting a bias value of angular Velocity data.
0033 FIG. 5 is a diagram illustrating an example of angu
lar Velocity data associated with a motion relating to a golf
Swing, detected by the sensor unit attached to the golf club.
0034 FIG. 6 is an enlarged view of the periphery of a
period corresponding to a stationary state in FIG. 5.
0035 FIG. 7 is a diagram illustrating an example of a
sensor unit attached to a tennis racket, according to a second
embodiment.

0036 FIG. 8 is a diagram illustrating an example of angu
lar Velocity data associated with a motion relating to a stroke,
detected by the sensor unit attached to the tennis racket.
0037 FIG.9 is an enlarged view of a period corresponding
to a stationary state in FIG. 8.
0038 FIG. 10 is a diagram illustrating an example of a
sensor unit attached to the body of a user who runs, according
to a third embodiment.

0039 FIG. 11 is a table illustrating an example of a time
length of a target period and a threshold value in each attach
ment position for each motion type.
0040 FIG. 12 is a diagram illustrating an example of
angular Velocity data associated with a running motion,
detected by a sensor unit attached to the upper arm of the
body.
0041 FIG. 13 is a diagram illustrating an example of
angular Velocity data associated with a running motion,
detected by a sensor unit attached to the lower thigh of the
body.
DESCRIPTION OF EXEMPLARY
EMBODIMENTS

0042. Hereinafter, preferred embodiments of the inven
tion will be described in detail. The following embodiments
do not improperly limit the content of the invention disclosed
in the appended claims, and the entire configuration described
in the present embodiment is not limited as a solution of the
invention.
First Embodiment

0043. Hereinafter, a motion analysis system according to a
first embodiment will be described with reference to the

accompanying drawings.
Configuration of Motion Analysis System
0044 First, a configuration of the motion analysis system
will be described.

0045 FIG. 1 is a block diagram illustrating the configura
tion of the motion analysis system according to the present

embodiment. The motion analysis system 1 of the present
embodiment includes a sensor unit 10, and a motion analysis
apparatus 100 that includes a motion analyzing section 20, an
operating section 30, a display section 40, a ROM50, a RAM
60 and a non-volatile memory 70.
0046. The sensor unit 10 includes acceleration sensors
11X, 11Y and 11Z that are inertial sensors, and angular veloc
ity sensors (gyro sensors) 12X, 12Y and 12Z that are inertial
sensors. The acceleration sensors 11X, 11Y and 11Z and the

angular velocity sensors 12X, 12Y and 12Z are motion sen
sors that are attached to a measurement object, and detect a
motion of the measurement object to output a signal.
0047. The acceleration sensors 11X, 11Y and 11Z detect
accelerations in detection axis directions, and output output
signals based on the magnitudes of the detected accelerations.
The acceleration sensors 11X, 11Y and 11Z respectively
detect accelerations in tri-axial (X axis, Y axis and Z axis)
directions for calculation of the position and velocity of the
measurement object. On the other hand, the angular Velocity
sensors 12X, 12Y and 12Z detect angular velocities around
detection axes, and output output signals based on the mag
nitudes of the detected angular Velocities. The angular Veloc
ity sensors 12X, 12Y and 12Z respectively detect angular
velocities in the tri-axial (X axis, Y axis and Z axis) directions
for calculation of the posture of the measurement object.
0048. The motion analysis apparatus 100 is a personal
computer, an exclusive apparatus or the like, for example. The
motion analysis apparatus 100 receives output signals from
the sensor unit 10 and performs a motion analysis with respect
to the measurement object. In the present embodiment, the
sensor unit 10 and the motion analysis apparatus 100 are
connected to each other in a wireless manner. However, the
connection is not limited to the wireless connection, and a

wired connection may be used based on the type of an object
to which the sensor unit 10 is attached.

0049. The operating section 30 obtains operation data
from a user, and sends the data to the motion analyzing
section 20. The operating section 30 is a touch panel display,
buttons, keys, a microphone or the like, for example.
0050. The display section 40 displays a processing result
in the motion analyzing section 20 as characters, a graph, or
an image. The display section 40 is a CRT, an LCD, a touch
panel display, ahead-mounted display (HMD) or the like, for
example. For example, both functions of the operating section
30 and the display section 40 may be realized by one touch
panel display.
0051. The ROM 50 is a storage section that stores a pro
gram for performing various calculation processes or control
processes in the motion analyzing section 20, or various pro
grams, data or the like for realization of application functions.
0.052 The RAM 60 is a storage section that is used as a
work area of the motion analyzing section 20, and tempo
rarily stores a program or data read from the ROM 50 or the
like, data obtained in the operating section 30, a calculation
result or the like executed by the motion analyzing section 20
based on various programs.
0053. The non-volatile memory 70 is a recording section
that records data that is required to be stored for a long period
of time or the like, among data referenced or generated in the
process of the motion analyzing section 20. In the non-vola
tile memory 70, for example, data on a time length of a target
period, a threshold value and the like (to be described later)
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when making reference to a detection result of the angular
velocity sensors 12X, 12Y and 12Z are specified and stored in
advance.

0054 The motion analyzing section 20 includes a signal
obtaining section 21, an average value calculating section 22,
a threshold value determining section 23, a bias value setting
section 24, an analysis information calculating section 25.
and the like. The motion analyzing section 20 performs vari
ous processes based on the programs stored in the ROM 50.
The motion analyzing section 20 may be realized by a micro
processor such as a CPU, or the like.
0055. The signal obtaining section 21 obtains output sig
nals from the sensor unit 10. The acceleration data (X axis, Y
axis and Z axis) detected by the acceleration sensors 11X,
11Y and 11Z and the angular velocity data (Xaxis, Y axis and
Zaxis) detected by the angular velocity sensors 12X, 12Y and
12Z are included in the obtained signals, and stored in the
RAM 60.

0056. The average value calculating section 22 calculates
an average value (a second average value) of the entire angu
lar Velocity data (X axis, Y axis and Z axis) and an average
value (a first average value) of the angular Velocity data (X
axis, Y axis and Z axis) detected in the target period in which
a reference period is limited, on a time axis of the detection
result of the angular velocity sensors 12X, 12Y and 12Z.
0057 The threshold value determining section 23 deter
mines whether the angular Velocity data (Xaxis, Y axis and Z
axis) detected in the target period is within a threshold value
range on the time axis of the detection result of the angular
velocity sensors 12X, 12Y and 12Z. Here, it is determined
whether the measurement object is stopped or in a state close
to the stop (hereinafter, referred to as a “stationary state') in
the target period.
0058. The bias value setting section 24 sets a bias value in
the RAM 60 or the non-volatile memory 70 on the basis of the
average value of the angular Velocity data (X axis, Y axis and
Z axis) in the target period calculated by the average value
calculating section 22, with respect to the target period in
which the measurement object is in the stationary state.
0059. The analysis information calculating section 25
includes a data correcting section 26, a posture calculating
section 27, a position/velocity calculating section 28, and the
like. The data correcting section 26 performs a correction
process of removing the bias value set by the bias value
setting section 24, for the angular velocity data (Xaxis, Y axis
and Z axis) detected by the angular velocity sensors 12X, 12Y
and 12Z. The posture calculating section 27 performs a pro
cess of calculating the posture of the measurement object
using the measurement values of the angular velocities
obtained from the angular velocity sensors 12X, 12Y and
12Z. The position/velocity calculating section 28 performs a
process of calculating the position or Velocity of the measure
ment object using the measurement values of the accelera
tions obtained from the acceleration sensors 11X, 11Y and
11Z.

Operation of Motion Analysis Apparatus
0060 Next, operation content of the motion analysis appa
ratus 100 will be described.

0061 FIG. 2 is a flowchart illustrating an operation of the
motion analysis apparatus 100. The operation of the motion
analysis apparatus 100 is performed as the motion analyzing
section 20 executes the processes based on various programs.
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0062 First, the motion analyzing section 20 obtains out
put signals from the sensor unit 10 attached to the measure
ment object by the signal obtaining section 21 (step S10).
0063 FIG. 3 is a diagram illustrating an example of the
sensor unit 10 attached to a golf club. In FIG.3, the sensor unit
10 is attached at a position close to agrip, on a shaft of the golf
club. Accordingly, in the present embodiment, the golf club
becomes the measurement object. A user performs a Swing
motion while holding the golf club to which the sensor unit 10
is attached. During the Swing motion, the signal obtaining
section 21 obtains output signals from the sensor unit 10
based on the movement of the shaft of the golf club.
0064. The number of the sensor unit 10 attached to the golf
club is not limited to one, and may be two or greater. Further,
the attachment position of the sensor unit 10 attached to the
golf club is not limited to the example of the shaft shown in
FIG. 3. For example, the position may be the grip, the head of
the golf club, or an arbitrary portion of the body of the user.
0065. Next, the motion analyzing section 20 sets a bias
value included in the angular Velocity data of the output
signals obtained in step S10 (step S20).
0.066 FIG. 4 is a flowchart illustrating details of the opera
tion of setting the bias value of the angular Velocity data. In
the flowchart shown in FIG. 4, first, the motion analyzing
section 20 calculates an entire average value of the angular
velocities with respect to each of the X axis, Y axis and Z axis,
on the basis of the entire angular Velocity data obtained in step
S10, by the average value calculating section 22 (step S210).
0067. Then, the motion analyzing section 20 sets a first
target period (a first period) on a time axis in angular Velocity
data using the golf Swing as a target (step S220). In the present
embodiment, the time length of the target period is set to 500
msec, and the point of time when the detection of the angular
Velocity data is started is set to the first target period.
0068. Then, the motion analyzing section 20 determines
whether the angular velocity around the X axis in the target
period is within the threshold value range with reference to
the entire average value of the angular Velocities around the X
axis calculated in step S210, by the threshold value determin
ing section 23. Similarly, the motion analyzing section 20
determines whether the angular velocity around the Y axis in
the target period is within the threshold value range with
reference to the entire average value of the angular velocities
around the Y axis, and determines whether the angular Veloc
ity around the Z axis in the target period is within the thresh
old value range with reference to the entire average value of
the angular velocities around the Z axis (step S230). Here, if
all of the X axial, Y axial and Z axial angular velocities are
within the threshold value range, it is determined that the golf
club is in the stationary state with respect to the target period.
Further, in the present embodiment, assuming that the thresh
old value is set to 3.0 dps, the motion analyzing section 20
determines whether the angular Velocities around the X axis,
Y axis and Z axis in the target period are respectively within
the range of -3.0 dps to +30 dps with reference to the entire
average value.
0069. If the entire angular velocities around the X axis, Y
axis and Z axis in the target period are within the threshold
value range (Yes in step S230), that is, if the target period
corresponds to the stationary state, the motion analyzing sec
tion 20 calculates an average value of the angular Velocities in
the target period with respect to each of the X axis, Y axis and
Z axis, by the average value calculating section 22 (Step
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S240). Further, for example, calculated each average value is
stored in the RAM 60 (step S250), and the procedure goes to
step S260.
0070. On the other hand, if any one of angular velocities
around the respective X axis, Y axis and Z axis in the target
period is not within the threshold value range (No in step
S230), that is, if the target period does not correspond to the
stationary state, the calculation and storage of the average
value in the target period are not performed, and the proce
dure goes to step S260.
0071. In step S260, the motion analyzing section 20 deter
mines whether the target period in which the process is per
formed is a final target period on the time axis (step S260).
0072. If the target period is not the final target period (No
in step S260), the motion analyzing section 20 sets the next
target period of 500 msec that is deviated back on the time
axis (step S270), and the procedure returns to step S230.
Then, the motion analyzing section 20 determines whether
the next target period corresponds to the stationary state.
0073. On the other hand, if the target period is the final
target period (Yes in step S260), the motion analyzing section
20 sets each bias value on the basis of the average value of the
angular Velocities around the X axis, Y axis and Z axis stored
in step S250, by the bias value setting section 24 (step S280),
and finishes the operation of setting the bias value. Then the
procedure returns to the processes of the flowchart in FIG. 2.
0074. If the average value of the angular velocities is not at
all stored in step S250, that is, if there is no target period in
which the golf club is in the stationary state, for example, a
message indicating that the golf club is to be fixed and
stopped is displayed on the display section 40.
0075. In the present embodiment, when the bias value is
set, the average value of the angular velocities around the X
axis, Y axis and Z axis in the target period is set as each bias
value as it is. Further, if there are plural average values of the
angular velocities stored in step S250, that is, if there are
plural target periods corresponding to the stationary state, a
target period having a small difference between the average
value of the angular Velocities in the target period and the
entire average value of the angular Velocities is selected, and
this average value is used as the bias value.
0076 FIG. 5 is a diagram illustrating an example of angu
lar Velocity data around the X axis, Y axis and Z axis associ
ated with a motion relating to a golf Swing, detected by the
sensor unit 10 attached to the golf club. In FIG. 5, a graph
indicated by a narrow line represents a relationship between
elapsed time and angular Velocity around the X axis, a graph
indicated by a medium line represents a relationship between
elapsed time and angular Velocity around the Y axis, and a
graph indicated by a thick line represents a relationship
between elapsed time and angular Velocity around the Z axis.
Further, with respect to circles GS1 to GS4 indicated by two
dot chain lines, the circles GS1 and GS2 represent periods
when the golf club is in the stationary state before the Swing
is started. The circle GS3 represents a Swing start timing, and
the circle GS4 represents a ball impact timing. Further, FIG. 6
is an enlarged view of the periphery of the period in which the
golf club is in the stationary state indicated by the circle GS1
in FIG. 5.

0077. In step S230 in FIG. 4, the threshold value deter
mining section 23 determines whether each angular velocity
around the X axis, Y axis and Z axis is within the threshold

value range of -3.0dps to +3.0dps with reference to the entire
average value of the angular velocities, with respect to the

target period of the time length of 500 m.sec. As a result, as
shown in FIG. 5, in the period of the circle GS1 when the golf
club is in the stationary state, it is determined that the entire
angular velocities around the X axis, Y axis and Z axis are
within the threshold value range of -3.0 dps to +3.0 dps with
reference to the entire average value of the angular Velocities,
in the target period of a shaded portion GS11 of time length of
500 msec, as shown in FIG. 6. Further, in step S280 in FIG.4,
the bias value setting section 24 sets the average value of the
angular velocities in the shaded portion GS11 as the bias value
around the X axis, Y axis and Z axis, with respect to the
angular velocity sensors 12X, 12Y and 12Z.
0078. The average value of the angular velocities may not
be set as the bias value as it is, and for example, the bias value
may be calculated by performing a process such as an arith
metic operation for each average value with a predetermined
integer. If there are plural target periods when the angular
velocities are within the threshold value range, the target
period may not be selected on the basis of the difference
between the average value of the angular Velocities and the
entire average value of the angular Velocities as described
above. In this case, for example, the target period may be
selected based on the position on the time axis, for example,
the proximity or the distance to the point of time when the
detection of the angular velocity data is started, or all the
average values in the target period in which the angular
velocities are within the threshold value range may be added
up to further calculate an average value, which may be set as
the bias value.

0079 Returning to FIG. 2, in step S30, the motion analyz
ing section 20 performs a correction process of removing the
bias value included in the angular Velocity data, by the data
correcting section 26 of the analysis information calculating
section 25. Here, the correction is performed by performing a
calculation process of removing the bias value set in step S20.
for the angular Velocity data on the output signals obtained in
step S10.
0080. Then, the motion analyzing section 20 calculates the
posture of the measurement object on the basis of the angular
velocity data corrected in step S30, by the posture calculating
section 27 of the analysis information calculating section 25
(step S40).
I0081. In the present embodiment, the motion analyzing
section 20 calculates the posture of the shaft of the golf club
on the basis of the corrected angular Velocity data.
I0082. Then, the motion analyzing section 20 calculates the
position and Velocity of the measurement object on the basis
of the acceleration data included in the output signals from the
sensor unit 10 obtained in step S10, by the position/velocity
calculating section 28 of the analysis information calculating
section 25 (step S50). For example, the position/velocity cal
culating section 28 may calculate the direction of the gravity
acceleration from the posture of the measurement object cal
culated in step S40, may calculate the velocity by performing
integration after canceling the gravity acceleration from the
acceleration data, and may calculate the position by integrat
ing the Velocity again.
I0083. In the present embodiment, the motion analyzing
section 20 may calculate the position and velocity of the shaft
of the golf club on the basis of the acceleration data from the
sensor unit 10.

I0084. Then, the motion analyzing section 20 displays
motion analysis information relating to the golf Swing of a
user on the display section 40 on the basis of information on
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the posture, position and Velocity of the measurement object
calculated in steps S40 and S50 (step S60), and finishes the
processes of the flowchart in FIG. 2.
0085. In the above-described embodiment, on the time
axis of the detected angular velocity data, the target period
(time length of 500 m sec) when the golf club is in the station
ary state is retrieved. Further, the average value of the angular
velocities with respect to the target period in which the golf
club is in the stationary state is calculated to be set as the bias
value, the correction process of removing the bias value is
performed, and then, the motion analysis relating to the golf
Swing is performed. In this way, since the stationary state is
retrieved to be set as the bias value in the series of motions in

which the user performs the swing motion while holding the
golf club, it is not necessary that the user performs the motion
of setting the stationary state of the golf club to set the bias
value. As a result, the user can naturally perform the golf
Swing motion without caring whether the bias value is set.

embodiment, in step S220 in FIG. 4, the time length of the
target period is set to 200 m.sec. Further, in step S230 in FIG.
4, the threshold value is set to 0.7 dps, and it is determined
whether the angular velocities around the X axis, Y axis and
Z axis are within the range of -0.7 dps to +0.7 dps with
reference to the entire average value of the angular Velocities.
That is, in the case oftennis racket, since the stroke motion of

the tennis racket has a motion range narrower than that of the
Swing motion of the golf club and has a lower speed, the time
length of the target period is reduced compared with that of
the golf club, and the threshold value is also reduced.
(0091. In step S230 in FIG. 4, the threshold value deter
mining section 23 determines whether each angular Velocity
around the X axis, Y axis and Z axis is within the threshold

accompanying drawings.
0087. The motion analysis system according to the second
embodiment has approximately the same configuration and
operation content as the motion analysis system 1 according

value range of -0.7 dps to +0.7dps with reference to the entire
average value of the angular velocities, with respect to the
target period of the time length of 200 m.sec. As a result, as
shown in FIG. 8, in the period of the circle Ts1 when the
tennis racket is in the stationary state, it is determined that the
entire angular Velocities around the X axis, Y axis and Z axis
are within the threshold value range of -0.7 dps to +0.7 dps
with reference to the entire average value of the angular
velocities, in the target period of a shaded portion Ts11 of the
time length of 200 m sec, as shown in FIG. 9. Further, in step
S280 in FIG. 4, the bias value setting section 24 sets the
average value of the angular Velocities in the shaded portion

to the first embodiment described above, but a measurement

with respect to the angular velocity sensors 12X, 12Y and

Second Embodiment

I0086. Hereinafter, a motion analysis system according to a
second embodiment will be described with reference to the

object to which the sensor unit 10 is attached is different from
that of the first embodiment.

0088 FIG. 7 is a diagram illustrating an example of the
sensor unit 10 attached to a tennis racket, according to the
second embodiment. In FIG. 7, the sensor unit 10 is attached

to a grip end of the tennis racket. Accordingly, in the embodi
ment, the tennis racket becomes the measurement object. A
user performs a stroke motion in a state where the sensor unit
10 is attached to the tennis racket. During the stroke motion,
the signal obtaining section 21 obtains output signals from the
sensor unit 10 associated with the motion of the grip end of
the tennis racket.

0089 FIG. 8 is a diagram illustrating an example of angu
lar Velocity data around the X axis, Y axis and Z axis associ
ated with a motion relating to stroke, detected by the sensor
unit 10 attached to the tennis racket. In FIG. 8, a graph
indicated by a narrow line represents a relationship between
elapsed time and angular Velocity around the X axis, a graph
indicated by a medium line represents a relationship between
elapsed time and angular Velocity around the Y axis, and a
graph indicated by a thick line represents a relationship
between elapsed time and angular Velocity around the Z axis.
Further, with respect to circles Ts1 to Ts3 indicated by two
dot chain line, the circle Ts1 represents a period in which the
tennis racket is in the stationary state before the stroke motion
is started. The circle TS2 represents a take-back start timing,
and the circle Ts3 represents a ball impact timing. Further,
FIG. 9 is an enlarged view of the period in which the tennis
racket is in the stationary state indicated by the circle Ts1 in
FIG 8.

0090. In the operation of the motion analysis apparatus
100 according to the present embodiment, it is possible to
apply the flowchart illustrating the operation of the motion
analysis apparatus 100 shown in FIG. 2 and the flowchart
illustrating details of the operation of setting the bias value of
the angular velocity data shown in FIG. 4. However, since the
sensor unit 10 is attached to the tennis racket in the present

Ts11 as the bias value around the X axis, Y axis and Z axis,
12Z of the tennis racket.

0092. Then, the processes of steps S30 to S60 in FIG.2 are
performed to perform the correction process of removing the
bias value included in the angular velocity data, to calculate
the posture, position and Velocity of the tennis racket, and to
display motion analysis information relating to the stroke
motion of the user on the display section 40. In the present
embodiment, the stroke motion of the tennis racket has been
described, but the invention is not limited to the stroke

motion, and for example, may be applied to a motion Such as
serve, Volley, or Smash.
0093. In the above-described embodiment, on the time
axis of the detected angular Velocity data, the target period
(time length of 200 msec) when the tennis racket is in the
stationary state is retrieved. Further, the average value of the
angular Velocities with respect to the target period in which
the tennis racket is in the stationary state is calculated to be set
as the bias value, the correction process of removing the bias
value is performed, and then, the motion analysis relating to
the stroke motion of the tennis racket is performed. In this
way, since the stationary state is retrieved to be set as the bias
value in the series of motions in which the user performs the
stroke motion while holding the tennis racket, it is not neces
sary that the user performs the motion of setting the stationary
state of the tennis racket to set the bias value. As a result, the

user can naturally perform the stroke motion of the tennis
racket without caring whether the bias value is set.
Third Embodiment

0094. Hereinafter, a motion analysis system according to a
third embodiment will be described with reference to the

accompanying drawings.
0.095 The motion analysis system according to the third
embodiment has approximately the same configuration and
operation content as the motion analysis system 1 according
to the first and second embodiments described above, but the
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number of the sensor unit 10 and the measurement object to
which the sensor unit 10 is attached are different from the first

and second embodiments. In the present embodiment, in the
block diagram illustrating the configuration of the motion
analysis system shown in FIG.1, the plural sensor units 10 are
provided, but illustration thereof is omitted.
0096 FIG. 10 is a diagram illustrating an example of the
sensor unit 10 attached to the body of a user who runs,
according to the third embodiment. In FIG. 10, four sensor
units 10H, 10I, 10J and 10K are attached to the body of the
user. Each of the sensor units 10H, 10I, 10J and 10K is

attached to the upper arm, the forearm, the thigh, and the
lower thigh of the body of the user. Accordingly, in the present
embodiment, the body of the user becomes the measurement
object. The user runs in a state where the sensor units 10H,
10I, 10J and 10K are attached to the body. During the running
motion, the signal obtaining section 21 obtains output signals
from each of the sensor units 10 associated with the motion of

each part of the body of the user.
0097. In the operation in the motion analysis apparatus
100 according to the present embodiment, it is possible to
apply the flowchart illustrating the operation of the motion
analysis apparatus 100 shown in FIG. 2 and the flowchart
illustrating the details of the operation of setting the bias value
of the angular velocity data shown in FIG. 4 to each of the
sensor units 10H, 10I, 10J and 10K at it is. However, since

each sensor unit 10 is attached to each part of the body of the
user who runs in the present embodiment, the time length of
the target period in step S220 in FIG.4 and the threshold value
in step S230 are different in the attachment portions of the
body.
0098 FIG. 11 is a table illustrating an example of a time
length of a target period and a threshold value in each attach
ment position for each motion type. In the present embodi
ment, a motion type of running in FIG. 11 is applied. Further,
with respect to the sensor units 10H, 10I, 10J and 10K
attached to the respective portions of the upper arm, the
forearm, the thigh and the lower thigh of the body of the user,
the time lengths of the target periods are 500 msec, 500 m.sec.
400 msec and 400 msec, respectively, and the threshold val
ues become 4.0 dps, 4.0 dps, 2.0 dps and 1.5 dps, respectively.
That is, in the case of running motions, with respect to the
upper thigh and the lower thigh that produce large motions
compared with the upper arm and the forearm that produce
Smaller motions, the time length of the target period is
reduced compared with the upper arm and the forearm, and
accordingly, the threshold value is reduced.
0099 FIG. 12 is a diagram illustrating an example of
angular Velocity data around the X axis, Y axis and Z axis
associated with the running motion, detected by the sensor
unit 10H attached to the upper arm of the body. FIG. 13 is a
diagram illustrating an example of angular Velocity data
around the X axis, Y axis and Z axis associated with the

running motion, detected by the sensor unit 10K attached to
the lower thigh of the body. In FIGS. 12 and 13, a graph
indicated by a narrow line represents a relationship between
elapsed time and angular velocity around the X axis, a graph
indicated by a medium line represents a relationship between
elapsed time and angular Velocity around the Y axis, and a
graph indicated by a thick line represents a relationship
between elapsed time and angular Velocity around the Z axis.
0100 For example, in the sensor unit 10H attached to the
upper arm, the threshold value determining section 23 deter
mines whether each angular Velocity around the Xaxis, Y axis

and Z axis is within the threshold value range of -4.0 dps to
+4.0 dps with reference to the entire average value of the
angular velocities, with respect to the target period of the time
length of 500 msec. As a result, as shown in FIG. 12, in the
target period of a shaded portion RHs 11 of time length of 500
msec when the upper arm is in the stationary state, it is
determined that the entire angular velocities around the X
axis, Y axis and Z axis are within the threshold value range of
-4.0 dps to +4.0dps with reference to the entire average value
of the angular velocities. Further, in step S280 in FIG. 4, the
bias value setting section 24 sets the average value of the
angular velocities in the shaded portion RHS11 as the bias
value around the X axis, Y axis and Z axis, with respect to the
sensor unit 10H attached to the upper arm.
0101. On the other hand, for example, in the case of the
sensor unit 10K attached to the lower thigh, the threshold
value determining section 23 determines whether each angu
lar velocity around the X axis, Y axis and Z axis is within the
threshold value range of -1.5 dps to +1.5 dips with reference
to the entire average value of the angular velocities, with
respect to the target period of the time length of 400 msec. As
a result, as shown in FIG. 13, in the target period of a shaded
portion RKS 11 of time length of 400 msec when the lower
thigh is in the stationary state, it is determined that the entire
angular velocities around the X axis, Y axis and Z axis are
within the threshold value range of -1.5 dips to +1.5 dips with
reference to the entire average value of the angular Velocities.
Further, in step S280 in FIG. 4, the bias value setting section
24 sets the average value of the angular velocities in the
shaded portion RKS 11 as the bias value around the X axis, Y
axis and Z axis, with respect to the sensor unit 10K attached
to the lower thigh.
0102. Further, the processes of steps S30 to S60 in FIG. 2
are performed to perform the correction process of removing
the bias value included in the angular velocity data, with
respect to the respective sensor units 10H, 10I, 10J and 10K,
to calculate the posture, the position and the velocity of the
upper arm, the forearm, the thigh and the lower thigh of the
body of the user, and to display motion analysis information
relating to the running motion of the user on the display
section 40.

0103) In the present embodiment, the running motion has
been described, but the invention is not limited to the running
motion, and for example, may be applied to competitive walk
ing, skiing, skating, Swimming, boating, horse-riding, bicy
cling or the like. Further, the portions of the body to which the
plural sensor units 10 are attached are not limited to the arm
and leg, and for example, may be an arbitrary portion Such as
the wrist, the belly, the back or the head.
0104. In the above-described embodiment, with respect to
each sensor unit 10 attached to each portion of the body of the
user who runs, the target period in which each portion is in the
stationary state is retrieved on the time axis of each detected
angular Velocity data. Further, the average value of the angu
lar velocities is calculated with respect to the target period in
which each portion is in the stationary state to be set as the
bias value, the correction process of removing the bias value
is performed with respect to each sensor unit 10, and then the
motion analysis relating to the running is performed. In this
way, since the stationary state is retrieved to be set as the bias
value in the series of motions in which the user performs the
running motion, it is not necessary that the user stops and
takes the stationary state to set the bias value. As a result, the
user can naturally perform the running motion without caring
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whether the bias value is set. Further, as shown in FIG. 11, by
specifying the time length of the target period and the thresh
old value for each motion type and each attachment position,
it is possible to flexibly determine the stationary state based
on the motion type, attachment positions and the like, and to
perform the motion analysis by appropriately removing the
bias value.

Modification Example 1
0105. In the above-described embodiments, when the
angular velocities of the target period are within the threshold
value range with reference to the entire average value of the
angular Velocities, it is determined that the measurement
object is in the stationary state. However, the invention is not
limited thereto, and for example, it may be determined that
the measurement object is in the stationary state when a
variance value of the angular Velocities in the target period is
within a threshold value range. Here, if there are plural target
periods corresponding to the stationary state, a target period
in which the maximum variance value of the angular Veloci
ties is the smallest is selected. Further, it may be determined
that the measurement object is in the stationary state when the
average value of the angular Velocities in the target period is
within a threshold value range. Here, if there are plural target
periods corresponding to the stationary state, a target period
in which the average value of the angular Velocities is the
smallest is selected. Further, it may be determined that the
measurement object is in the stationary state when the angular
velocities in the target period are within the threshold value
range with reference to 0. Here, if there are plural target
periods corresponding to the stationary state, a target period
in which the maximum angular velocity is the Smallest is
selected.

Modification Example 2
0106. In the above-described embodiments, the time
length of the target period and the threshold value are speci
fied based on each attachment position for each motion type.
However, the time length and the threshold value may be set
on the basis of the obtained angular velocity data, instead of
using the time length and the threshold value that are specified
in advance. For example, a frequency analysis using Fourier
transform may be performed for the obtained angular velocity
data to calculate the maximum frequency. Thus, the time
length of the target period and the threshold value may be set
based on the magnitude of the maximum frequency. In this
way, by setting the time length of the target period and the
threshold value on the basis of the obtained angular velocity
data, it is possible to remove the effort for specifying the time
length of the target period and the threshold value inadvance,
and to reduce the load relating to the motion analysis system.
Further, by setting the time length of the target period and the
threshold value on the basis of the angular velocity data
associated with the motion of the measurement object, it is
possible to flexibly cope with an individual difference
between the measurement objects, deviation of the attach
ment position or the like, and to achieve an appropriate
motion analysis result with high accuracy.
0107 Further, the time length of the target period and the
threshold value may be set based on a dynamic range of the
angular velocity sensor or the resolution of an analog digital
converter (ADC). Thus, it is possible to achieve an appropri

ate motion analysis result with high accuracy based on per
formance of the angular Velocity sensor or the like.
Modification Example 3
0108. In the above-described embodiments, when the bias
value is set on the basis of the obtained angular Velocity data,
for example, filtering may be performed for the obtained
angular velocity data using a low pass filter that removes a
high-pass component, and the bias value may be set on the
basis of the angular Velocity data passed through the filtering.
For example, in the above-described third embodiment, with
respect to the sensor unit 10I attached to the forearm of the
body, for example, a low pass filter of 20 Hz may be used to
perform the filtering, and then, the bias value may be set.
Thus, when the motion analysis is performed for the mea
Surement object or the attachment position in which noise
easily occurs, since a noise component of the obtained angu
lar velocity data is removed, it is possible to obtain a stable
bias value with high accuracy.
0109 The entire disclosure of Japanese Patent Application
No. 2013-026328, filed Feb. 14, 2013 is expressly incorpo
rated by reference herein.
What is claimed is:

1. A motion analysis apparatus comprising:
a threshold value determining section that determines
whether the amount of inertia detected by an inertial
sensor in a first period is within a threshold value range;
a bias value setting section that sets, if it is determined that
the amount of inertia is within the threshold value range,
a bias value included in the amount of inertia on the basis

of a first average value that is an average value of the
amount of inertia detected in the first period; and
an analysis information calculating section that analyzes a
motion of a measurement object using correction data
from which the bias value is removed.

2. The motion analysis apparatus according to claim 1,
wherein the threshold value determining section sets the
threshold value with reference to a second average value
that is an average value of the amount of inertia which is
a detection result of the inertial sensor in the entire
period.
3. The motion analysis apparatus according to claim 2,
wherein when there is a plurality of the first periods in
which the amount of inertia is determined to be within

the threshold value range, the bias value setting section
sets the bias value on the basis of the first average value
in the first period in which a difference between the
second average value and the amount of inertia is the
Smallest.

4. The motion analysis apparatus according to claim 1,
wherein the threshold value determining section deter
mines whether a variance value of the amount of inertia

detected in the first period is within the threshold value
range.

5. The motion analysis apparatus according to claim 4.
wherein when there is a plurality of the first periods in
which the variance value is determined to be within the

threshold value range, the bias value setting section sets
the bias value on the basis of the first average value in the
first period in which the maximum variance value of the
amount of inertia is the Smallest.
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6. The motion analysis apparatus according to claim 1,
wherein at least one of the first period and the threshold
value is specified based on the type of a motion of the
measurement object.
7. The motion analysis apparatus according to claim 1,
wherein at least one of the first period and the threshold
value is specified on the basis of a position to which the
inertial sensor is attached.

8. The motion analysis apparatus according to claim 1,
wherein at least one of the first period and the threshold
value is set on the basis of a frequency component of a
detection result of the inertial sensor.

9. A motion analysis method comprising:
determining whether the amount of inertia detected by an
inertial sensor in a first period is within a threshold value
range.

setting a bias value, if it is determined that the amount of
inertia detected in the first period is within the threshold
value range, included in the amount of inertial on the
basis of a first average value that is an average value of
the amount of inertia detected in the first period; and
analyzing a motion of a measurement object using correc
tion data from which the bias value is removed.
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